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(54) [Title of the Invention] Mask Formation Method 

(57) [Abstract] 
[Object] 

At the time of formation of a pattern for a device, [the object is] achieved by the 
application of photoreduction-projection exposure using a phase-shift mask for the exposure of 
ultrafine-pattem regions of the aforementioned device, and a normal transmission-type mask for 
the exposure of other pattern regions. 

[Composition] 

One or [several] different masks have a phase-shift mask region and a transmission-type 
mask region which are exposed when overlaid at the same position upon a sample. By usmg this, 
the aforementioned ultrafine-pattem regions can be exposed simultaneously with the circuit 
pattern region upon the aforementioned sample. 

[Meritorious Effects] 

In the process of pattern formation for a device having an ultrafine pattern, this invention 
provides a method of formation of fme devices which is simple, has high throughput and is 
economical. 
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Fig. 1 




(6) 



[Key] 

1. Translucent area 

2. Opaque area 

3. Opaque area 

4. Translucent area 

5. Top-layer resist pattern 

[Claims] 
[Claim 1] 

A mask formation process comprising the steps of: 

a step wherein the exposed region of the mask pattern to be given the desired pattern is 
broken down into a first exposed region and a second exposed region; and 

a step wherein a first mask containing the first exposed region and a second mask 
containing the second exposed region are formed; and 

characterized in that at least one of said first mask and said second mask is a phase-shift 
mask containing a phase-shift pattern that reverses the phase of light transmitted through the 
adjoining Ught-transmitting area. 
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[Claim 2] 

The mask formation process according to claim 1, characterized in that the aforementioned 
desired pattern matches the sum region of the non-exposed region essentially formed on the first 
mask and the non-exposed region essentially formed on the second mask. 

[Detafled Description of the Invention] 
[0001] 

[Field of the Invention) 

This invention relates to a method of manufacturing* semiconductor or superconductor 
devices having an ultrafme pattern wi& dimensions of 0.2 p,m-0.1 jjm or less, and particularly 
to a pattern formation method suited to these devices. 

[0002] 

[Prior Art Statement] 

In the manufacture of permeable-base transistors (PBT) or various quantum well array 
devices, super-matrix solid-state oscillators, lateral super-lattice FETs, resonant tunneling effect 
devices or other quantum-effect devices, it is necessary to fabricate within the device extremely 
fine lattice-shaped, stripe-shaped or sets of point-shaped patterns. Many of these devices aim at 
achieving quantum effects, so their pattern period is preferably roughly 0.1 jxm or below. 
[0003] 

ConventionaUy, these devices have been fabricated by means of direct electron beam (EB) 
or focused ion beam (FIB) lithography. The fabrication of quantum-effect devices using EB is 
discussed in Solid State Technology, October, 1 985, pp. 125-129 (SoUd State Technology/Octover 
[sic], 1985, pp. 125-129), for example. 
[0004] 

On the other hand, the limit resolution of optical lithography by means of photoreduction- 
projection optical methods is proportional to the exposure wavelength and inversely proportional 
to the numerical aperture of the photoreduction lens. Currently, roughly 0.3 |xm has been 



*Translator*s note: The character rin (an ancient Japanese unit of money, weight or length) 
appears between the words "method" and "manufacturing." It appears to be a typographical 
mistake. 
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achieved using an excimer laser (KrF laser, wavelength of 248 nm) and a photoreduction lens 
with a numerical aperture of 0.4-0.5. In addition, there is an example of resolving 0.13 p.m using 
a reflecting optical system with a numerical aperture of 0.5 and an ArF excimer laser (wavelength 
of 193 mn) (Journal of Vacuum Science and Technology B5(l), January/February 1987, pp. 389- 
39.0 (I Vac. Sci. TechnoL B5(l), Jan/Feb 1987, pp. 389-390)). 
[0005] 

However, the phase-shift mefliod is a method of increasing the limit resolution of 
photoreduction-projection exposure methods. The phase-shift method mcreases the limit resolution 
to roughly twice that of the case of using exposure methods based on ordinary transmission-type 
masks. Therefore, this means that it is possible to form fine patterns with dimensions of 0. 1 5 |im 
to 0.1 |im or less. This phase-shift method does not require special exposure apparatus, but rather 
it can be performed by simply replacing the conventional transmission-type mask (reticle) with 
a phase-shift mask (reticle). The phase-shift method is discussed in IEEE; Transactions on 
Electron Devices, ED-31, No. 6 (1984), pp. 753-763 (IEEE, Trans. Electron Devices, Vol. DE- 
31, No. 6 (1984), pp. 753-763) 
[0006] 

In addition, another method of forming patterns at resolutions below the limit resolution 
of light-based photoreduction-proj action exposure methods is the holography method, but this 
holography method requires special exposure apparatus and moreover, the patterns are formed 
over the entire surface of the wafer, so the pattern caimot be aligned to patterns already existing 
on the substrate. This holography method is discussed in the Preprints of the 45* Meeting of the 
Japan Society of Applied Physics, Fall 1984, p. 242. 
[0007] 

[Problems Which the Invention is Intended to Solve] 

The aforementioned fabrication of ultrafinc patterns by EB or FIB lithography has 
drawbacks in that it requires large amounts of time and is uneconomical. 
[0008] 

On the other hand, with the limit resolution of photoreduction-projection e3q)0sure metiiods, 
it is extremely difficult to form the patterns with dimensions below 0.1 \nn. required for PBTs, 
quantum-effect devices and the like. 
[0009] 
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This can be achieved by using the phase-shift method. However, the drawback of the phase- 
shift method lies in that it is difiScult to adapt to complex mask patterns such as those of actual 
LSI devices. The phase-shift method is an ejctremely efifective technology for the febrication of 
simple Ime-and-space patterns (L/S), lattice patterns, point patterns and the like. 
[0010] 

The object of the present invention is to solve the aforementioned problems in the pattern 
formation for devices having an ultrafine pattern, and to provide a method of formation of fine 
devices which is simple, has high throughput and is economical. 

[0011] 

[Means of Solving the Problems] 

At the time of formation of a pattern for the aforementioned device, the aforementioned 
object is achieved by the application of photoreduction-projection exposure using a phase-shift 
mask for the exposure of ultrafine-pattem regions of the aforementioned device, and a normal 
transmission-type mask for the exposure of other pattern regions. 

[0012] 

[Function of the Invention] 

The patterns for devices to which the present invention applies are divided iato a dense 
region with an ultrafine pattern having simple repetitive structures and a circuit region which has 
control electrodes, wiring and other relatively complex structures. These two regions can coexist 
within the same layer in a device fabrication process or they may be present as separate layers. 
[0013] 

The former ultrafme pattern region may be an L/S, point-shaped pattern set, or latdce- 
shaped pattern, and its dimensions may be roughly 0.1 jxm or below, but its shape is relatively 
simple. Pattern formation within this region is possible by means of photoreduction-projection 
exposure methods using a phase-shift mask (reticle). 
[0014] 

On the otiier hand, the dimensions of the pattern in the latter circuit region are larger than 
those of the former, and are suitable to formation by means of photoreduction-projection exposure 
methods using a conventional transmission-type mask (reticle). 
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[0015] 

At the time of separately exposing the aforementioned two regions, it is necessary to 
perform the alignment of the two. The alignment precision must normally be kept to at least 
below half of the minimnm feature size. Therefore, an alignment precision of 0.05 im or less 
is required for a 0.1 join pattern, but there is currently no exposure apparatus available that has 
such precision. However, as the alignment precision between the two regions in the present 
invention, a value on the level guaranteed by ordinary exposure apparatus is adequate. The reason 
why is that the ultrafine patterns in the devices to which the present invention applies function 
as an overall pattern, and so while the positions of the ultrafme pattern region and the circuit 
pattern region relative to each other must be kept within a stipulated range, not so much strictness 
is required for the positional precision of each individual ultrafine pattern. 
[0016] 

In the case wherein the aforementioned two regions coexist within the same layer, it is 
possible for the phase-shift mask region and the transmission-type mask region to coexist in a 
single mask. By using this, it is possible to expose both the aforementioned ultrafine pattern 
region and circuit pattern region simultaneously with a single mask. However, in this case, there 
is a risk of resolution defects occurring in the portions where the two regions connect. To wit, 
in the case of contact between two translucent areas having different phases, the light intensity 
is decreased due to interference. Such pattern layouts must be avoided. 
[0017] 

By means of the present invention, pattern exposure is performed by means of photoreduc- 
tion-projection exposure methods, so it can be completed in much shorter time than methods 
based on direct electron beam or focused ion beam lithography. 
[0018] 

In addition, by means of the present invention, no special exposure apparatus is necessary 
and an ultrafine pattern can be formed at any position desked within the ejcposure field, so it is 
more advantageous than holography methods. 

[00191 

[Working Examples] 
(Working Example 1) 
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Here follows an e^qplanation of one working example of a PBT manufacturing method using ' 
the present invention. 
[0020] 

First, a GaAs substrate is formed as a carrier coDection electrode layer and thereupon is 
formed a W thm film, and thereupon is formed a so-called 3-layer resist having a 3-layer 
structure consisting of a bottom-layer organic film/intermediate-layer inorganic fihn/top-layer 
resist film. PMMA (poly(methyI methacrylate)) is used as the top-layer resist. Next, a phase-shift 
reticle having only an ultrafine L/S in the control electrode region of a PBT as shown in Fig. 1(a) 
is used to perform exposure. The adjacent translucent areas in the fme L/S of the phase-shift 
reticle are laid out such that the phases of illuminating light are inverted by 180° with respect to 
each other. Next, the reticle is exchanged for a transmission-type reticle that has a control 
electrode peripheral circuit pattern such as that shown in Fig. l(bX and exposure is performed. 
[0021] 

The exposure of the aforementioned two regions is performed consecutively after changing 
the reticle only with the substrate kept fixed in the substrate stage. Naturally the alignment 
operations are performed for each exposure. In addition, the order of exposure of the 
aforementioned two regions is not stipulated. The hght source for the exposure apparatus used 
was a KrF excmier laser, and the numerical aperture of the optical system was 0.6. The time 
required for the exposure of each of the aforementioned two reticles in one exposure field was 
approximately 5 seconds. On the other hand, when exposure of the same pattern was performed 
usmg an electron beam lithography apparatus, the time requked was approximately 600 seconds. 
[0022] 

Next, development of the aforementioned top-layer resist was performed to obtain a top- 
layer resist pattern such as that shown m Fig. 1(c). Reactive ion etching was used to transfer this 
pattern sequentially to the aforementioned intermediate layer and bottom layer. As a result, in the 
aforementioned lower-layer organic film was obtained both an L/S pattern with a rectangular 
cross section having a high aspect ratio in said ultrafine control electrode pattern region and said 
peripheral circuit pattern. 
[0023] 

The bottom-layer organic-layer pattern thus formed was used as a mask to perform dry 
etching of the W film, and after forming a control electrode pattern, GaAs was grown thereupon 
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to embed the control electrode, and then the carrier injection electrodes, wiring and the like were 
formed to fabricate a PBT. Transmission-type masks were used for all exposure except for that 
for the aforementioned control electrode pattern. 
[0024] 

Note that Fig. 1 is a schematic plan diagram used for explanation; it does not necessarily 
show the layout of an actual transistor. In addition, the device structure, substrate material, 
control electrode material, resist material and the process, exposure apparatus and the like are in 
no way limited to those given in this workmg example, but others may be used. 
[0025] 

The exposure process of this working example is applicable not only to a PBT but rather 
it is also applicable to other devices wherein simple ultraiBne L/S patterns coexist with peripheral 
circuits, for example, lateral one-dimensional super-lattice FETs and the like. 
[0026] 

(Working Example 2) 

In a PBT, the ultrafine pattern region coexists with the circuit pattern region within the 
same layer (the control electrode layer), so the pattern can be formed by means of a reticle 
wherein the phase-shift mask region and the transmission-type mask region corresponding to the 
aforementioned regions coexist. A mask for this purpose is shown in Fig. 2. In the aforemen- 
tioned Working Example 1, the control electrode was shaped like a comb as shown in Fig. 1(c). 
However, in this method, in order for the phase-shift mask region and the transmission mask to 
be completely separate, the phase-shift mask region (indicated by dashed Imes in Fig. 2) is laid 
out completely inside an opaque area within the transmission-type mask region. 
[0027] 

(Workmg Example 3) 

Here follows an explanation of one working example of an super-matrix solid-state 
oscillator manufacturing method using the present invention. A GaAs substrate is coated with the 
positive resist PMMA and exposure is performed usmg a phase-shift mask having a set of dot- 
shaped translucent areas as shown m Fig. 3. Thereafter, it was developed to obtain resist holes 
corresponding to each of the translucent areas of Fig. 3, The translucent areas in the phase-shift 
mask are laid out (in a checkered pattern) sadtx that the phases of illuminating light are alternately 
inverted by 180° with respect to the adjacent areas in the up/down/lefl/right directions. Note that 
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a finer translucent area pattern used for phase reversal may be provided in the periphery of each 

of the individual dot-shaped translucent areas. 

[0028] 

Next, metallization is performed, where metal is vapor-deposited upon the resist and upon 
the substrate in the openings in tlie resist, and then the resist is removed by the lift-off method 
to form a matrix pf metal dots upon the substrate. Thereafter, electrodes and the like are formed 
to fabricate a super-matrix solid-state oscillator. 
[0029] 

Here, we presented a working example of the manufacture of a solid-state oscillator, but 
by combining the resist pattern formation process of this working example with various other 
processes instead of metallization upon a GaAs substrate, it can be adapted to various types of 
devices. For example, after forming a GaAlAs thin film upon a GaAs substrate, by using a 
negative resist and the phase-shift mask according to this working example to perform pattern 
formation, a resist pattern corresponding to each of the dot-shaped translucent areas of Fig. 3 
remains. By using this mask to perform anisotropic etching of GaAlAs and performing 
appropriate post-treatment, it is possible to form a quantum well array. In the same manner, this 
working example is adaptable to lateral super-lattice FETs, resonant tunneling effect transistors 
and the like. 
[0030] 

(Working Example. 4) 

Here follows an explanation of another working example of an super-matrix solid-state 
oscillator manufacturing method using the present inventioiL 
[0031] 

The positive resist in the aforementioned Working Example 3 is replaced with a negative 
resist and moreover the exposure process is changed as follows. First, a mask A, mask B and 
mask C as shown in Fig. 4 are prepared. Masks A and B are L/S phase-shift masks wherein the 
L/S patterns may be perpendicular to each other, or lie at different angles with respect to a 
reference direction. By using the three masks A, B and C to perform superimposed exposure upon 
the same resist film, the same resist pattern as in Working Example 3 is obtained. To wit, the dot 
array is formed by the portions where the L/S patterns overlap in masks A and B, while mask 
C defines the range of the dot array region. By means of this working example, it is possible to 
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make the pitch of the dot matrix smaller than that in the case of Working Example 3, and 

moreover it is possible to vary the angles in the planar shape of the resist. 

[0032] 

As in the case of Working Example 3, naturally the pattern formation step of this working 
example can be adapted to various devices. 

[0033] 

pVleritoriotis Effects of the Invention] 

With the method of manufacturing semiconductor or superconductor devices according to 
the present invention, in the process of forming circuit patterns in quantum effect devices or the 
like that have dimensions of roughly 0.1 |im or less, by independently performing the exposure 
of the aforementioned xiltrafine pattem region by a photoreduction-projection exposure method 
using the phase-shift method, and performing the exposure of other circuit patterns by ordinary 
exposure methods, it is possible to shorten markedly the time reqmred for the aforementioned 
pattem formation and reduce the apparatus cost 
[0034] 

Thereby, it is possible to make the mass production of the aforementioned semiconductor 
or superconductor devices more economical. In addition, these effects become even more marked 
when the aforementioned devices are integrated. 

[Brief Explanation of the Drawings] 

Fig. 1 is a plan view of mask pattem in a working example of the present inventioiL 
Fig. 2 is a diagram showing the layout of the phase-shift mask region inside the opaque 
region within the transmission-type mask region. 

Fig. 3 is a diagram showing a set of dot-shaped translucent areas. 
Fig. 4 is a plan view of a mask pattem. 
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Fig. 1 
mi 




[Key] 

1. Translucent area 

2. Opaque area 

3. Opaque area 

4. Translucent area 

5. Top-layer resist pattern 



Fig. 2 

02 




[Key] 

1 . Phase-shift mask region 

2. Opaque area 

3. Translucent area 
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[Key] 

1 . Mask A 

2. MaskB 

3. MaskC 
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Specification 

[Title of the Invention] 
Method for forming mask 

[Claim] 

1. A method for forming a mask, comprising; 

a step for dividing an exposure area of a mask pattern providing a desirable 

pattern into a first exposure area and a second exposure area, 

a step for forming a first mask including said first exposure area and a second 

mask including said second exposure area, wherein at least either of said first 

mask and said second mask is a phase shift mask including a phase shift pattern 

to invert the phase of the light which passes through adjacent permeable 

portions. 

2. A method for forming a mask as defined in claim 1, wherein said desirable 
pattern corresponds to an area which is formed by adding a non-exposure area 
formed substantially by said first mask and a non-exposure area formed 
substantially by said second mask. 

[Detail Description of the Invention] 
(Field for Industrial Application) 



The present invention relates to a method for producing a semiconductor or 
superconducting element having a microscopic pattern of 0,1 /im to 0.2 or less in 
size, in particular to a method for forming a pattern suitable for such an element. 

(Prior Art) 

In productions of permeable base transistors (hereinafter referred as to PBT) or 
various quantum well array devices, super matrix solid transmitters, lateral super 
grid FETs, resonance tunnel effect devices, it is required to create a group of 
microscopic grid, stripe or dot pattern in an element. Most of these devices aim at 
taking advantage of the quantum effect and so their pattern period is desirable to 
be about 0.1 x^m or less. 

Heretofore, these elements have been produced by means of the direct depiction 
using EB (Electron Beam) or FIB (Focusing Ion Beam). With regard to the 
production of quantum effect devices using EB, it is, for example, discussed in 
"Solid State Technology"/ October, 1985, PI 25-1 29, 

On the other hand, critical resolution of optical lithography in a reduction 
projection method is in direct proportion to exposure wavelength and in inverse 
proportion to numerical aperture of reduction lens. The critical resolution of about 
0.3/zm has currently been achieved by using the exclmer laser (KrF leaser, 
wavelength: 248nm) and a reduction lens having the numerical aperture of 0.4 to 
0.5. In one example, it has also been reported to resolve o.lS^m by using a 
catoptic system having the numerical aperture of 0.5 and ArF excimer laser 
(wavelength: 193 nm) ("Journal of Vacuum Science and Technology" B5(1). 
Jan/Feb1987. P389-390). 

The phase shift method is one of technique for improving the critical resolution In 
the reduction projection exposure method. The phase shift method can improve 
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twice the critical resolution comparing with the exposure method using regular 
permeable masks. Thus this method enables to form a microscopic pattern of 0.1 
/zm to 0.15//m or less. No special exposure equipment is required for this phase 
shift method. That Is, a regular reduction projection exposure equipment can be 
modified only by change a regular permeable mask (Recherche) to a phase shift 
mask (Recherche). The phase shift method is discussed in IEEE, "Transaction on 
Electron Device", Vol, 1, DE-31, No.6 (1984), P753-763. 

The holography method is one of different optica] methods for forming patterns of 
certain critical resolution not more than that in the reduction projection exposure 
method. This holography method requires a particular exposure equipment. 
Besides the resulting pattern is formed on whole area of a wafer and such a 
pattern cannot be positioned with respect to the pattern which has previously 
been formed on a substrate. Such a holography method Is, for example, 
discussed in The 45th Autumn Meeting, 1984, Draft, The Japan Society of 
Applied Physics, 1997, P242. 

[Problem to be solved by the Invention] 

When the depiction of microscopic pattern is created by the aforementioned EB or 
FIB, there is caused problems such as plenty of required time and economical 
inefficiency. 

It Is also very difficult to form the pattern of 0.1 /zm or less which is necessary for 
PBTs, quantum effect devices and the like by the reduction projection exposure 
method due to its insufficient critical resolution. 

Such an objective can be achieved by using the phase shift method. However as 
a weak side of the phase shift method, it is point out that this method cannot be 
adapted for complicate mask pattern such as actual LSI patters. The phase shift 



method has been effective technology only for simply pattern such as line and 
space pattern (thereinafter referred as US), stripe pattern and dot pattern. 

It is an object of the present invention to solve the abovementioned problem and 
provide a simple method for forming microscopic elements, which has high 
throughput and excellent economical efficiency. 

[means for solve the problem] 

The abovementioned object is achieved by a reduction projection exposure 
method in which the phase shift mask is applied to expose a microscopic 
pattern area, such as grid portion of the PBT, and the regular permeable mask is 
also applied to expose the other pattern area, in pattern forming process of the 
aforementioned device. 

[Function] 

A pattern of devices subject to the present invention is divided into a dense area 
of microscopic pattern having simply repeated structure and a circuit area having 
relatively complicated structure such as control electrodes and wirings. These two 
areas can be mixed in the same layer and otherwise separately in different layers. 

The former pattern area Is a simple L/S, a group of dot patterns and stripe pattern, 
It has a size of about 0.1 /zm or less and relatively simple shape. The reduction 
projection exposure method using the phase shift mask (Recherche) makes it 
possible to form the pattern of this area. 

The pattern size of the latter circuit area is lager than the former area so that the 
reduction projection exposure method using the conventional permeable mask 
(Recherche) may be suitable for forming the latter pattern. 



When the aforementioned two areas is separately exposed, it is required to 
position each other. An accuracy of the positioning must be controlled within at 
least half of minimum size of the patter Therefore the pattern of 0.1 //m requires 
a positioning accuracy of 0.05/zm or less, but there is no exposure apparatus 
having such an accuracy. However a positioning accuracy for the two areas of the 
present invention is satisfied with a value as much as that which can be assured 
by the regular exposure apparatus. Because the microscopic pattern of the device 
subject to the present invention functions as a whole. Thus while a relative 
posifidrTof the microscopic pattern area and the circuit pattern area is required to 
control Jn a predetermined range, each microscopic pattern does pot require very 
strict positioning accuracy. 

When the aforementioned two areas is mixed in the same layer, a phase shift 
mask area and a permeable mask area may be mixed on one mask. With using 
this mask, the microscopic pattern area and the circuit pattern area can 
simultaneously be exposed by one mask. However in this case, at a connecting 
portion on the two areas, some defect of resolution possibly occur. That is, when 
two light transmission portions having respective different phases are closely 
situated each other, light intensity would be reduced due to mutual interference. 
Therefore these arrangement must be avoided. 

According to the present Invention, since the exposure of the pattern is performed 
by the reduction projection exposure method, this processing time can be 
reduced comparing with the method of the direct depiction using electron beam or 
focusing Ion beam. 

Further according to the present invention, since the microscopic pattern can be 
formed at any desirable position in a exposure field without any specific exposure 
apparatus, this method is more advantageous than the holography method. 



[Embodiment] 
(Embodiment 1) 

An embodiment of a method for producing the PBT applying the present invention 
is described hereinafter. 

First, a GaAs substrate is formed on a carrier collection electrode layer and a W 
film is further formed on the GaAs substrate. Then three layers structure, i.e. 
three layers resist, which is composed of a lower layer organic film, intermediate 
layer inorganic film and upper layer resist, is formed on the GaAs substrate. A 
PMMA (polymethyl methacryl sheet) is used as the upper layer resist Then, the 
exposure operation is performed by using a phase shift Recherche which has only 
microscopic U/S for a control electrode area of the PBT as shown In Fig.l(a). In 
the microscopic L/S of the phase shift Recherche, adjacent light transmission 
portions are arranged so as to make the phase of irradiation light invert 180 
degree each other. Then after changing to a permeable Recherche having a 
control electrode peripheral circuit pattern as shown in Fig.l{b), the exposure 
operation is performed. 

The exposure operation to the abovementioned two areas is continuously 
performed with maintaining the substrate fixed on a substrate stage of a exposure 
apparatus and changing only the Recherches. It goes without saying that an 
positioning operation is performed In each exposure operation, a sequence of 
exposure operations for the two areas is particularly defined. The light source of 
the exposure apparatus used is a KrF excimer laser and its numerical aperture is 
0.6. In one exposure field, each exposing time for exposing with each of the two 
Recherches is about 5 second. On the other hand, a exposure operation is 
performed by using an electron beam depiction apparatus. As a result, about 600 
second is required for this operation. 



Then a development operation of the upper layer resist is performed to obtain a 
resulting upper resist layer as shown in Fig.l(c). This pattern is sequentially 
transcribed to the intermediate layer and then lower layer by the reactive ion 
etching process. As a result, In the lower layer organic film, both of a L/S pattern 
having a high aspect ratio and a rectangular cross sectional shape for the 
microscopic control electrode pattern area and the peripheral circuit pattern can 
be obtained. 

The W film is processed with dry etching by using this resulting lower organic 
layer pattern as a mask to form a control electrode pattern. Then on the resulting 
W film, GaAs is grown, a control electrode is filled in and then a carrier filling 
electrode, wiring and the like are formed, so that a PBT is produced. All exposure 
operations are performed by using the permeable mask except for the control 
electrode pattern. The produced PBT Is evaluated in electrical characteristics. As 
a result, it is confirmed that the desired performance could be obtained. 

Since Fig.1 is explanatory typical plan view, actual layout of a transistor is not 
exactly illustrated, device structures, substrate materials, control electrode 
materials, resist materials, processes, exposure apparatuses and the like are 
not limited to specific example described in the present embodiment. 

The exposure process of the present embodiment can be applied not only to the 
PBT but also to other devices, such as lateral one-dimensional super grid FET, in 
which a simple microscopic L/S pattern and a peripheral circuit are mixed. 

(Embodiment 2) 

In the PBT, since a microscopic pattern area and a peripheral circuit area are 
mixed in the same layer (control electrode layer), these patterns can be formed by 



a Recherche in which a phase shift mask area and a permeable mask area 
respectively arranged corresponding to each pattern areas are mixed. Such a 
mask is shown in Fig.2. In the embodiment 1 described above, the control 
electrode has a com shape as shown in Fig,1 c). However, in this method, the 
phase shift mask area ( surrounded area by the broken line in Fig.2) is disposed 
in a portion, where light is wholly blocked, within the permeable mask area so as 
to completely separate the phase shift mask area and a permeable mask area. 

(Embodfment 3) 

One embodiment related to a method for producing a super matrix solid 
oscillation element by using the present invention. A positive type resist PMIVIA is 
applied on the GaAs substrate and then a exposure operation is performed by 
using a phase shift mask having a group of dot permeable portrons as shown in 
Flg.3. Then resist openings corresponding to each permeable portion of Fig.3 can 
be obtained. Each permeable portion of the phase shift mask is arranged to make 
the phase of irradiation light invert 180 degree alternately in both of vertical and 
longitudinal directions (checkered pattern), in the phase shift mask, a permeable 
portion pattern which is smaller than each of the dot permeable portion may be 
provided around each periphery of the dot permeable potions shown in Fig.3 in 
order to invert tile phase of irradiation light. 

Through the metallization process, metallic material is deposited on the resist and 
the substrate of the resist openings. Then the deposited metal is removed and 
metal dot matrix is formed by the lift-off method, followed by forming electrodes 
and tiie (ike, and finally a super rhatrix solid oscillation element Is produced. 

While here an embodiment for producing a solid oscillation element is described, 
the resist pattern forming process of the present embodiment can be mixed 
various processes as a substitute for the metallization on the substrate, so that 



this method can be applied to various devices. For example, after the GaAIAs film 
is grown on the GaAs substrate, patters are formed by using a negative type 
resist and the phase shift mask according to the present embodiment, thereby a 
resist pattern is remained corresponding to each the dot permeable portion of 
Fig.3. Then the GaAIAs film is processed by the anisotropy etching with using this 
pattern as a mask. Then after suitable after treatments, a quantum well matrix can 
be formed* This method can also be applied to leteral PET super grid, resonance 
tunneling effect transistors and the like. 

(Embodiment 4) 

Another embodiment related to a method for producing a super matrix solid 
oscillator element using the present invention. 

A negative type resist is substituted for the positive type resist in the embodiment 
3 described above, and the exposure process is changed as follows. First, a mask 
A, mask b and mask C as shown in Fig.4 are prepared. The mask A and B are L/S 
phase shift masks in which each MS intersects at right angles each other or has 
different angles with respect to the reference direction. With using three masks A, 
B and C, exposure operations are performed with lapping over the exposure on 
the same substrate, resulting in a resist pattern as same as that of the 
embodiment 3. Thus a dot matrix is formed on a portion where the L/S of the 
mask A and B are overlapped, and the mask C defines the dot matrix area. 
According to the present embodiment, the period of the dot matrix can make 
smaller comparing with the embodiment 3, and the two-dimensional shape of the 
resist can be angulated. 

It goes without saying that the pattern forming process of the present embodiment 
can be applied to various devices as well as the embodiment 3. 



[Effect of the invention] 

As above, according to tfie method for producing a semiconductor or 
superconductor, in a process for forming a circuit pattern which includes a 
microscopic pattern area composed of a patter of about 0.1 /zm or less in size in a 
quantum effect element and the like, a exposure operation for the microscopic 
pattern area is performed by the reduction projection exposure method using the 
phase shift method, and the regular exposure method is separately performed for 
other circuit patter, which enables the required pattern forming time and the 
apparatus cost to be reduced. 

Thus in mass production of the semiconductor or superconducting element, its 
economical efficiency can be improved- Further if the element is integrated, this 
effect would come to front 

[Brief Description of the Drawings] 

Fig.1 is a plan view showing a mask pattern according to an embodiment of the 
present invention. 

Fig.2 shows a state in which a phase shift mask area is disposed in a light 
blocked area of the permeable mask area. 
Fig.3 shows a group of dot permeable portions. 
Fig.4 is a plan view showing a mask pattern. 
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